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Appropriate Use Criteria
Is the Glass Half Empty or Half Full?*Todd D. Miller, MD, J. Wells Askew, MDA ppropriate use criteria (AUC) for cardiacimaging originated a decade ago (1). Initialversions of AUC were published for single-
photon emission computed tomography myocar-
dial perfusion imaging (SPECT MPI), transthoracic
echocardiography (TTE), transesophageal echocardi-
ography (TEE), stress echocardiography, cardiac com-
puted tomography angiography (CTA), and cardiac
magnetic resonance imaging (CMR) between 2005
and 2008 (2–5). These criteria have since been
updated.
AUC were developed primarily out of concern
regarding the steep increase in the use of noninvasive
cardiac imaging services and Medicare spending
between 1995 and 2005 (6). Since 2009, there has
been a modest 7% decrease in total imaging volume in
the Medicare population, including a 1.3% decrease in
nuclear medicine and echocardiography volume
between 2011 and 2012 (7). Other sources have re-
ported decreases in SPECT MPI volume since 2006
(8,9). The impact of the AUC documents on changes
in imaging volume and potential shifts to more
appropriate and fewer inappropriate studies has not
been investigated.SEE PAGE 763In this issue of the Journal, Fonseca et al. (10) report
the results of a meta-analysis designed to examine
if AUC documents have altered imaging tests
rated appropriate over time. The authors performed*Editorials published in the Journal of the American College of Cardiology
reﬂect the views of the authors and do not necessarily represent the
views of JACC or the American College of Cardiology.
From the Division of Cardiovascular Diseases, Mayo Clinic, Rochester,
Minnesota. Both authors have reported that they have no relationships
relevant to the contents of this paper to disclose.a comprehensive review of 59 published papers
encompassing >100,000 imaging procedures between
2000 and 2012 that were categorized according to AUC.
The initial and revised versions of the individual im-
aging AUC documents published during the time
frame of this meta-analysis were applied to 10 sepa-
rate pooled analyses for 5 of the imaging procedures as
follows: SPECTMPI 2005 and 2009; TTE 2007 and 2011;
TEE 2008 and 2011; stress echocardiography 2005 and
2011; and CTA 2006 and 2010. As the authors note,
changes in AUC ratings over time could reﬂect alter-
ations in physician behavior or improvements in
application of the revised AUC documents.
Fonseca et al. (10) are to be congratulated for per-
forming a comprehensive, rigorous meta-analysis of
the AUC published data. An important ﬁnding from
the meta-analysis is the demonstration of fairly high
percentages (80% to 95%) of tests rated appropriate
for TTE and TEE but lower values (37% to 72%) for
stress echocardiography, CTA, and SPECT MPI. The
major goal of this study was to examine changes over
time in the AUC ratings, applying the original and
revised versions of the AUC documents. There was a
statistically signiﬁcant increase in the percentage of
studies categorized as appropriate between the initial
and revised AUC documents for TTE (80% to 85%,
p ¼ 0.008), TEE (89% to 95%, p ¼ 0.008), and CTA
(37% to 55%, p ¼ 0.003) but no change for SPECT MPI
(72% to 68%, p ¼ 0.71) or stress echocardiography
(53% to 52%, p ¼ 0.90). The authors also tested for
correlations between studies rated appropriate and
publication year within each group of studies ana-
lyzed by using a speciﬁc AUC document. The only
modality for which there was a statistically signiﬁcant
positive temporal correlation was TTE using the
2011 document. Funnel plot analysis suggests rela-
tively little evidence for publication bias, with bias
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775identiﬁed only for stress echocardiography 2011 and
CTA 2010.
Although the authors focused primarily on the
percentages of tests rated “appropriate,” it is impor-
tant to note that the percentages of tests rated “rarely
appropriate” (or “inappropriate” [applying terminol-
ogy in the initial versions of the AUC documents])
actually increased for all imaging modalities, with the
largest increases for CTA (17% to 21%), stress echo-
cardiography (18% to 27%), and SPECT MPI (11% to
20%). Interpreting the ﬁndings of an increase in
rarely appropriate tests for these imaging modalities
in the context of a modest increase in appropriate
tests for TTE, TEE, and CTA leads to a lack of any ﬁrm
conclusions concerning the impact of AUC on test-
ordering behavior. An increase in both the appro-
priate and rarely appropriate categories might be
explained by the ability to categorize studies into a
deﬁnite category using the revised documents. A
previous study examining the application of the 2005
and 2009 SPECT MPI AUC documents in the same
cohort of patients demonstrated that use of the
revised document eliminated patients categorized as
“unclassiﬁable” by the original document (11).
Fonseca et al. (10) point out several limitations to
the studies that form the basis of this review. More
than three-quarters of the data were derived from
imaging studies performed at academic medical
centers. The relatively low (10% to 20%) percentage
of rarely appropriate/inappropriate imaging studies
reported from these centers seems at odds with the
dramatic increase in national imaging volume since
1990. Two studies that evaluated more “real-world”
practices reported rates of rarely appropriate/
inappropriate studies of 35% (12) and 46% (13). The
methods applied in nearly all of the studies consisted
of assigning AUC categories in a retrospective
manner. In one-third of studies, the individuals per-
forming the rating assignments were not speciﬁed.
Although some might assume that assignment of AUC
categories is a simple exercise, practical experience
using this approach suggests otherwise. Medical re-
cords commonly contain vague or missing data. Many
patients meet criteria to be considered for multiplescenarios listed in the AUC documents that are asso-
ciated with different AUC ratings. Studies that have
assessed multiple AUC category raters who were
blinded to each other reported highly variable levels
of agreement, with kappa values ranging between
0.31 and 0.84. The individuals performing the rating
assignments were afﬁliated with the laboratory and/
or institution where the study was being performed.
These individuals would understandably have a bias
toward rating studies appropriate when multiple
categories were possible. None of the rating assign-
ments was performed by an individual from an in-
surance company or governmental agency who might
be motivated by other reasons. Given these limita-
tions, it is difﬁcult to extrapolate results to explain
recent changes in imaging volume (7–9).
What have the AUC accomplished? They clearly
have heightened awareness of the cardiac imaging
community concerning the appropriateness of these
tests. In addition to serving as the topic for numerous
papers, sessions on AUC have been featured at many
national and international meetings. However, the
paper by Fonseca et al. (10) suggests that the AUC
have had limited impact on physician test ordering,
with only small and inconsistent changes seen in the
number of appropriate and rarely appropriate studies.
It is commonly assumed that education efforts will
lead to more appropriate imaging, but studies exam-
ining the impact of educational initiatives on test
ordering have reported inconsistent results (14,15). In
the future, imaging laboratories will be required to
demonstrate efforts to monitor the appropriateness
of testing for accreditation and reimbursement pur-
poses. These requirements, combined with the
assistance of an electronic medical record that allows
a physician to evaluate the appropriateness of a test
at the point of ordering in real time, should signiﬁ-
cantly inﬂuence test ordering and enhance the efﬁ-
ciency of imaging.
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